The yiaKLMNOPQRS (yiaK-S) gene cluster of Escherichia coli is believed to be involved in the utilization of a hitherto unknown carbohydrate which generates the intermediate L-xylulose. Transcription of yiaK-S as a single message from the unique promoter found upstream of yiaK is proven in this study. The 5 end has been located at 60 bp upstream from the ATG. Expression of the yiaK-S operon is controlled in the wild-type strain by a repressor encoded by yiaJ. No inducer molecule of the yiaK-S operon has been identified among over 80 carbohydrate or derivative compounds tested, the system being expressed only in a mutant strain lacking the YiaJ repressor. The lacZ transcriptional fusions in the genetic background of the mutant strain revealed that yiaK-S is modulated by the integration host factor and by the cyclic AMP (cAMP)-cAMP receptor protein (Crp) activator complex. A twofold increase in the induction was observed during anaerobic growth, which was independent of ArcA or Fnr. Gel mobility shift assays showed that the YiaJ repressor binds to a promoter fragment extending from ؊50 to ؉121. These studies also showed that the cAMP-Crp complex can bind to two different sites. The lacZ transcriptional fusions of different fragments of the promoter demonstrated that binding of cAMP-Crp to the Crp site 1, centered at ؊106, is essential for yiaK-S expression. The 5 end of the yiaJ gene was determined, and its promoter region was found to overlap with the divergent yiaK-S promoter. Expression of yiaJ is autogenously regulated and reduced by the binding of Crp-cAMP to the Crp site 1 of the yiaK-S promoter.
phenicol, 30 g/ml; and novobiocin, 200 g/ml. 5-Bromo-4-chloro-3-indolyl-␤-D-galactoside (X-Gal) and isopropyl-␤-D-thiogalactoside were used at 30 and 10 g/ml, respectively.
For ␤-galactosidase assays, the cells were allowed to double five or six times to an A 600 of 0.5 for aerobic cultures or 0.25 for anaerobic cultures.
Cell extracts were prepared as described previously (4) . Protein concentration was determined by the method of Lowry et al. (20) with bovine serum albumin as a standard. ␤-Galactosidase activity was assayed by hydrolysis of o-nitrophenyl-␤-D-galactopyranoside and expressed as Miller units (23) . The data reported are a representative set of at least four separate experiments performed in duplicate.
Northern blot analysis and primer extension. For preparation of total RNA, cells of a 25-ml culture grown to an A 650 of 0.5 were collected by centrifugation at 5,000 ϫ g for 10 min and processed as described by Belasco et al. (3) . Northern blot hybridization was performed with each RNA sample (10 g) by the procedure described by Moralejo et al. (24) . For determination of the 5Ј end of the structural and the regulatory genes, the following oligonucleotides were used as primers: 5Ј-GCCGCGTGAAATTAAGACCCG-3Ј complementary to an internal region within yiaK and 5Ј-CTTTTTCCTGTGCCATCTCGTTC-3Ј complementary to an internal region within yiaJ. The reactions were performed with 50 g of total RNA at 37°C for 30 min with 200 U of Moloney murine leukemia virus reverse transcriptase (Life Technologies, Inc.) and [␣- 35 S]thio-dATP (Ͼ1,000 Ci/mmol; Amersham Pharmacia Biotech) and followed by a 30-min chase with all four nucleotides (at 1 mM each). As a reference, double-strand sequence reactions were performed with the primers used for the primer extension experiments.
DNA manipulation and genetic techniques. Plasmid DNA was routinely prepared by the boiling method (13) . For large-scale preparation, a crude DNA sample was subjected to purification on a column (Qiagen GmbH, Düsseldorf, Germany). DNA manipulations were performed essentially as described by Sambrook et al. (31) . The DNA sequence was determined by using the dideoxy-chain termination procedure of Sanger et al. (33) , with double-stranded plasmid as the template.
Tn5 insertion mutagenesis was carried out by infection with phage 467 (b221 cIts857 rex::Tn5 Oam29 Pam80), as described by Bruijn and Lupski (5) . Tn5 insertion mutants in the yiaK-S gene cluster or in the cya gene were obtained from strain JA134. These mutants were selected for their inability to utilize L-lyxose. The precise location of the insertion in the yiaK gene in strain JA181 and in the cya gene in strain JA187 was assessed by sequencing the chromosomal region close to the Tn5, with an internal sequence of the transposon used as a primer.
Constructions of lacZ fusions and deletions of the yiaK-S promoter. To create operon fusions, DNA fragments of the 5Ј-upstream region of some structural genes and the regulator gene were cloned into plasmid pRS550 or pRS551 (35) . In some experiments, the DNA fragment was extended to several genes to examine the presence of possible promoters within the coding region (Fig. 1) . The pRS plasmids carried a cryptic lac operon and genes that confer resistance to both kanamycin and ampicillin. After introduction of the recombinant plasmids into the tetracycline-resistant strain XL1-Blue, blue colonies on LuriaBertani plates containing X-Gal, ampicillin, and kanamycin were isolated. Plasmid DNA was sequenced by using the M13 primer to ensure that the desired fragment was inserted in the correct orientation. Single-copy fusions on the E. coli chromosome were obtained by the method of Elliot (8) . Plasmids containing the different lacZ fusions were linearized with XhoI or SalI and used to transform strain TE2680. Due to the presence in strain TE2680 of the recD::Tn10 mutation and sequences inserted into the trp operon that are homologous to sequences in pRS plasmids, this strain recombines linear pRS550-or pRS551-based plasmids into its chromosome. The transformants were selected for kanamycin resistance and screened for sensitivity to ampicillin and chloramphenicol. P1vir lysates were made to transduce the fusions into other genetic backgrounds.
Fragments containing sequences of the promoter region were created by PCR. The 20-mer oligonucleotide 5Ј-ACGCCGCGTGAAATTAAGAC-3Ј identical to the sequence between ϩ121 and ϩ102 of the noncoding strand of gene yiaK was used as the constant primer. This oligomer incorporated eight bases at the 5Ј end, which included an EcoRI site at one end of the PCR product. The partner primers extended from the following positions: Ϫ148 to Ϫ128, Ϫ114 to Ϫ94, Ϫ105 to Ϫ85, Ϫ93 to Ϫ73, Ϫ50 to Ϫ30, and Ϫ17 to ϩ3 (see Fig. 4 ), all bearing nine additional nucleotides at the 5Ј end, which included a BamHI site at the other end of the PCR product. After digestion with BamHI-EcoRI, the PCR products were cloned into pRS550, and the recombinant plasmids were used to construct single-copy lacZ fusions (labeled as -148, -114, -105, -93, -50, and -17) in the background of strain JA134 or ECL1.
DNA binding studies. For electrophoretic mobility shift assays, three different PCR-amplified fragments were used as probes. These fragments extended, according to the 5Ј end determined for the structural genes (see Fig. 3B ), from position Ϫ148 to position ϩ121, from Ϫ50 to ϩ121, and from Ϫ148 to Ϫ70. After purification from acrylamide gels, fragments were labeled with T4 polynucleotide kinase and [␥-
32 P]ATP (3,000 Ci/mmol; New England Nuclear). Electrophoretic mobility shift assays were performed with crude extracts obtained as described by Nunoshiba et al. (28) . Acrylamide gels containing 10% glycerol were run at 4°C by using 1ϫ Tris-borate-EDTA buffer (1) . Protein samples were mixed with 32 P-end-labeled DNA substrates (ca. 2.5 nM final concentration, ca. 10,000 to 25,000 cpm) in a 25-l reaction volume containing 10 mM Tris-HCl (pH 7.4), 100 mM KCl, 10 mM MgCl 2 , 10% glycerol, and 2 mM dithiothreitol. Poly(dI-dC) was used as a nonspecific competitor. Validation of binding specificity was performed with unlabeled DNA fragments P269, P171, and P78 as competitors for themselves. After incubation for 30 min at 25°C, a 1/6 volume of a 6ϫ gel loading buffer (1) was added, and the mixtures were loaded directly onto prerun gels.
RESULTS
Transcriptional organization of the yiaK-S operon. Previous Northern blot experiments with the L-lyxose-positive strain JA134 failed to detect a polycistronic mRNA (2) , possibly because of a message decay. To circumvent such a possibility, we transduced the yiaJ::cat of strain JA161 (2) into RNase E temperature-sensitive mutant strain CH1828 (strain JA180). Northern blot hybridization of RNA preparations of mutant strain JA180 grown at a restrictive temperature by using internal probes of yiaP (lyxK), yiaQ, or yiaR showed an mRNA of 8.2 kb corresponding to the full-length transcript of the yiaK-S system. This full-length transcript was not apparent in RNA preparations of strain JA180 grown at a nonrestrictive temperature, while no hybridization bands were observed in a control experiment with RNA of strain CH1828 (Fig. 2) . Transcription of the yiaK-S genes as a single unit was also supported by the properties of lacZ fusions presented in Fig. 1 . These operon fusions were transferred to strains ECL1 and JA134. Among these fusions, only the one corresponding to the leading yiaK displayed ␤-galactosidase activity under any of the growth conditions used, which included CAA in the presence or absence of L-lyxose. Expression of the (yiaK-lacZ) fusion in the genetic background of strain ECL1 resulted in a ␤-galactosidase activity of 42 Miller units, while its expression in the yiaJ mutant strain JA134 displayed high levels of ␤-galactosidase activity (4,250 Miller units) in both the absence and the presence of L-lyxose. These observations indicated that the only functional promoter for the structural genes is located upstream of yiaK.
Processing of the yiaK-S genetic cluster as a single transcriptional unit was also consistent with the polarity effects caused by Tn5 insertion mutation in several of the intervening genes, notably in yiaK, the first gene transcribed. Indeed, the yiaK mutant strain JA181 displayed neither L-xylulose kinase activity nor yiaK-S transcript, as shown by the absence of hybridization bands in Northern experiments (data not shown).
As reported previously, the regulator gene yiaJ, divergently transcribed, yielded a transcript of 0.95 kb in RNA preparations of strain ECL1, but not of mutant strain JA134 (2). The operon fusion yiaJ-lacZ corresponding to the putative regulator gene, as is common to other regulator genes, showed a basal level of ␤-galactosidase activity in strain ECL1, indicating regular function of its promoter ( Table 2 ). The increase in activity level observed in strain JA134, impaired in the regulator gene, could indicate the autogenous regulation of yiaJ expression. Consistently overexpression of YiaJ from pJB1 reduced the level of yiaJ-lacZ expression in strain JA134.
Mapping of the mRNA 5 end for the structural and regulator transcriptional units. The 5Ј end of the structural genes was determined by primer extension analysis. Total RNA from strain JA134, hence containing structural yiaK-S gene transcripts, was obtained by growth on L-lyxose and also on CAA. For the primer extension reaction, primer complementary to an internal region of yiaK was used, and a single putative start point was determined (Fig. 3B) . The mRNA 5Ј end was thus located at 60 bp upstream from the ATG codon. The putative start site, position ϩ1 in Fig. 3A , is preceded by a promoterlike sequence that conforms relatively well to the consensus for 70 RNA polymerase. In this sequence, a Ϫ10 TATA box is clearly defined as well as a Ϫ35 consensus box found at 17 nucleotides. Analysis of the sequence also showed two putative Crp consensus sites-one centered at Ϫ106 (Crp site 1) and the other at ϩ65 (Crp site 2). Using the MacTargsearch program (10), we identified potential integration host factor (IHF)-binding sites extending from Ϫ28 to Ϫ71 in the coding Because the regulator gene yiaJ was transcribed opposite to the neighbor structural gene yiaK, the promoter regions of both genes overlapped. Transcription initiation of yiaJ was also determined by the same method with total RNA obtained from strain ECL1, which contains copies of the regulator transcript. In this way, three products were detected by the radioautography. A major one, located at 87 bp upstream of the regulator ATG on the minus strand, was likely to be the 5Ј end for the regulator gene (Fig. 3B) . The other minor signals were considered to be alternative, secondary, or artifactual. As described by Kumar et al. (18) in other promoters, an extended Ϫ10 region, TGATTGAT (Fig. 3A) , could compensate for the poor Ϫ10 and Ϫ35 consensus and the unusual spacing of 21 bp of this weak promoter.
Expression from the functional promoter. Since we could not identify the inducer, we studied the promoter function in a biochemical background lacking the repressor. Comparison of ␤-galactosidase activities expressed by the (yiaK-lacZ) fusion in strain ECL1 and strain JA134 allowed us to further characterize the function of this promoter (Table 2) . In this way, wildtype cells displayed basal levels of activity when grown on CAA, whereas the mutant strain JA134 gave high constitutive levels of activity when grown on this carbon source, indicating full transcription from its promoter. This is well in agreement with the repressor model of regulation of this system.
Cultures of strain JA134 carrying (yiaK-lacZ) grown in the presence of glucose, both aerobically and anaerobically, showed lower ␤-galactosidase activities, indicating that glucose produced catabolite repression in this promoter. The addition of cyclic AMP (cAMP) to a 5 mM concentration partially recovered the activity in the presence of glucose. The threefold increased expression of (yiaK-lacZ) by growth on succinate (Table 2) , which is considered a poor carbon source, also confirmed the regulation of this operon by carbon sources. In contrast, the presence of glucose enhanced the promoter function of the regulator, as indicated by the increased ␤-galactosidase activity of (yiaJ-lacZ). No relevant effect of the cAMP addition was observed in this case. This is further supported by the increase in the expression of (yiaJ-lacZ) fusion (510 Miller units) and the reduction of the expression of (yiaK-lacZ) fusion (55 Miller units) in strain JA186 lacking Crp. Thus, yiaK-S transcription is coordinately repressed in the presence of glucose by both the effect of the absence of cAMP-Crp binding to the promoter and the increase in repressor synthesis. The primed-extended products using total RNA of strain ECL1 (lane 1 of the yiaJ panel) or strain JA134 (lane 1 of the yiaK panel) were electrophoresed with a sequencing ladder (lanes A, C, G, and T) generated by using the same template and primer. A portion of the nucleotide sequence deduced from the sequencing lanes is shown. The most intense extended product assigned as the transcriptional start site for each gene is labeled by an asterisk. Expression of this operon was twofold higher in cultures of strain JA134 grown in the absence of oxygen, suggesting an aerobic or anaerobic control. To test whether Fnr and/or Arc is involved in the expression of the yiaK-S operon, we transduced an fnr mutation from strain JRG1728 and an arcA mutation from strain ECL618 to JA134 to yield strains JA182 and JA183, respectively. ␤-Galactosidase analysis showed that neither Fnr nor Arc controls the aerobic or anaerobic expression of this operon (not shown). The influence of DNA supercoiling in this control was studied by adding 0.2 mM novobiocin to CAA cultures at an A 600 of 0.5. Assays of ␤-galactosidase did not show differences after 1 h of incubation with the antibiotic (not shown).
To determine whether IHF influences yiaK-S expression in vivo, we examined the effect of a mutation in himA or in himD3. The himA::cat and the himD3::cat alleles were transferred from strain HN1491 and strain K2704 to a JA134 background by P1 transduction, yielding strains JA184 and JA185. Introduction of each of these IHF mutations produced a fourfold decrease in ␤-galactosidase activity in these mutant strains compared with that of the isogenic wild type (data not shown). These results suggest that IHF activates yiaK-S expression.
Deletion analysis of the promoter.
To analyze the cis-acting motifs relevant for regulation of the yiaK-S operon and whether the repressor YiaJ is the regulator protein acting in trans, single-copy fusions to the lacZ reporter gene of serially deleted fragments were obtained and introduced in the JA134 background. Twelve constructs were analyzed in cultures grown aerobically in CAA, in both the presence and absence of glucose. Figure 4 displays only those relevant in this analysis. The shortest fusion expressing a level of ␤-galactosidase activity similar to that of (yiaK-lacZ) was -148. Constructs -114 and -105, partially affecting the Crp site 1, expressed ␤-galactosidase activities 60% lower than that of the full-length promoter construction, whereas in construct -93, from which the Crp site 1 had been completely deleted, the activity decreased 98%. In contrast, construct -50, which not only lacks the Crp site 1 but also affects the AT-rich sequence and the IHF binding sites, yielded an activity higher than that of -93, with a decrease of only 85% with respect to the control. Catabolite repression by glucose and partial reversion by cAMP were apparent for the cells bearing constructs like -148, -114, or -105, which carry all or part of Crp site 1. No effect was seen with constructs -93 and -50, which lack Crp site 1. Deletion to position Ϫ17, affecting RNA polymerase binding, almost abolished promoter function.
Single-copy fusions from -148 to -50 in the background of strain ECL1, which expresses the repressor protein, showed no ␤-galactosidase activity, indicating that the regulator binding site is still present in -50 (data not shown).
Gel mobility shift assays. Protein interactions with the yiaK promoter region were assessed by gel mobility shift experiments performed with a 269-bp fragment (positions Ϫ148 to ϩ121, labeled P269) belonging to the full-length promoter region. Experiments performed with 10 g of crude extracts of strain JA134, lacking the repressor, displayed two retarded complexes (CI and CII in lane 3, Fig. 5A ). No additional complexes were observed with extracts of strain JA134 transformed with plasmid pJB1 (2), from which YiaJ was overexpressed (lane 2, Fig. 5A ). When a crude extract of strain JA184 was used, the CI complex disappeared (lane 1, Fig. 5A ), indicating that the formation of this complex was dependent on the IHF binding.
To determine the location of the fragment responsible for the repressor binding, the total promoter region was split into two parts: one from Ϫ50 to ϩ121 (labeled P171) and the other from Ϫ148 to Ϫ70 (labeled P78). Neither of the two fragments contained the IHF site, whose occupancy yielded a complex (CI) hiding the other complexes formed by binding of additional proteins. Analyses with extracts of strain JA134 (lane 1 of Fig. 5B and C) or strain JA134 overexpressing YiaJ (lane 2 of Fig. 5B and C) showed, in fragment P171 but not in fragment P78, a retarded complex corresponding to the YiaJ repressor binding.
The identity of the Crp-DNA complexes was approached attending to the previous identification by sequence analysis of two consensus sites for Crp binding in the 269 promoter region. The results presented in Fig. 5B and C show a shifted   FIG. 4 . Deletion analysis of the yiaK-yiaJ promoter region. A set of 5Ј deletions of the yiaK promoter was used to generate transcriptional lacZ fusions on the ECL1 and JA134 chromosome. The relevant regulatory elements of the yiaK promoter are shown at the top. Indicated positions correspond to the yiaK coding strand, whereas those corresponding to the complementary yiaJ coding strand are in parentheses. The 5Ј ends are marked by an arrow labeled ϩ1. Upstream of the start site of the yiaK-S operon the Ϫ10 and Ϫ35 consensus, high AT content region, IHF site, and Crp-binding sites are located by the corresponding boxes. Deleted promoter fragments are represented by lines, and the corresponding lacZ fusion is labeled on the left. The 5Ј end of each deletion is indicated by the position number to the left. ␤-Galactosidase activity values are indicated in the table to the right.
band with either the P171 or P78 fragment when crude extracts of strain JA134 (lanes 1) or strain JA184 (lanes 5) were used. In contrast, the Crp-DNA bands were absent when crude extracts of Crp mutant strain JA186 (lanes 3) or Cya mutant strain JA187 (lanes 4) were used.
Search for inducers. As for all genetic systems of unknown function disclosed by the genome sequencing project, identification of the substrate(s) or inducer(s) of the yiaK-S operon is a priority subject. The similarity of these gene sequences and organization to those of other known systems gives some clues for the substrate-candidate structure. In this sense, a similar operon was found in Haemophilus influenzae (6) , and the yiaO gene displayed high similarity to a periplasmic solute-binding protein of Rhodobacter capsulatus (9) involved in the transport of dicarboxylates. The YiaJ repressor was also found to have a high similarity to KdgR and Pir of Erwinia chrysanthemi (27, 29) , both involved in pectin degradation and classified into the IclR family of regulator proteins. On the other hand, the possibility of assaying candidate inducers with a yiaK-S operon fusion prompted us to approach their identification by using this technique.
Among 80 different compounds tested, only L-fucose and L-ascorbate resulted in modestly increased expression of ␤-galactosidase activity (Table 2) . No induction was seen with any of the other compounds, including pentoses, hexoses, other derivative sugars, mono-and dicarboxylate organic acids, and related compounds listed in Materials and Methods. The possibility of the presence of the inducer in animal gut or lung mucus was explored by using rat specimens suspended in minimal medium and autoclaved. These solutions were added to CAA medium at a final concentration of 0.1%. No induction of ␤-galactosidase activity was detected by growth in any of these cultures.
The sensitivity of the yiaK-S operon to pH, temperature, osmolarity, oxidative stress, growth phase, and nitrogen availability was also tested. The selected cultures, at an A 600 of approximately 0.5, were shocked by addition of NaCl to 0.3 M for osmotic studies (22) or paraquat to 20 mM for oxidative stress studies (30) . Heat shock was performed by shifting the culture to 45°C. In these experiments, ␤-galactosidase activity was assayed after 1 h. For external pH regulation, cells were grown in CAA medium buffered at pH 5.5 or 8.0 as described by Watson et al. (38) . For nitrogen limitation, cultures were grown in 1 mM ammonium sulfate. None of these environmental conditions affected the expression of this operon.
As described above, citrus fruit pectin or apple pectin previously hydrolyzed by the action of pectinase did not affect the expression of the structural genes, even in the absence of repressor. However, a 10-to 20-fold induction of (yiaJ-lacZ) was observed only in wild-type strain ECL1, but not in mutant strain JA134. At present, we do not know the significance of this effect.
DISCUSSION
Three lines of evidence support the expression of the yiaK-S gene cluster as a single mRNA transcribed from the unique promoter found upstream of yiaK: (i) the presence of fulllength transcript in RNase E mutants, (ii) induction of lacZ fusion only from the leading yiaK structural gene, and (iii) polarity effects of yiaK::Tn5 insertion mutation in the yiaK-S transcription. Expression of this operon was previously reported to be under the control of the repressor YiaJ. Consistently, the DNA binding experiments showed that the repressor was bound to a sequence present in promoter fragment P78 (position Ϫ50 to ϩ121). This repressor was found to be highly homologous to the IclR family of regulators (32) . The cisacting element recognized by E. coli IclR repressor was shown to be AATTAAAATGGAAATTGTTTTTGATTTTGCATTTT (27) , and highly homologous sequences have been reported in E. chrysanthemi for other operator regions recognized by proteins of this family, such as KdgR or Pir (27, 29) . In the yiaK-S promoter, the sequence GTTAAAAAGTGATCGATATATT TGAAATCAAGTTT, with many conserved positions (underlined), may also be identified between positions Ϫ30 and ϩ5, allowing us to propose it as a putative binding site for the YiaJ repressor.
Our results indicate that the yiaK-S operon is regulated by carbon sources. As shown, succinate increases and glucose reduces its expression in the absence of the repressor. This promoter strongly responds to glucose catabolite repression through the Crp site 1; in contrast, the yiaJ promoter, which overlaps with the yiaK-S promoter and is transcribed divergently from it, responds to the same conditions with increased expression. The mechanism for this yiaJ activation seems to be based on the nonoccupancy of Crp site 1 by the Crp-cAMP complex, hence releasing the obstruction to yiaJ transcription. In this way, catabolite repression of yiaK-S expression is coordinately helped by the increase in the repressor synthesis. In the absence of glucose, Crp-cAMP complex binds to Crp site 1 activating yiaK-S expression and obstructing the yiaJ-encoded repressor expression and synthesis. In spite of the binding observed to Crp site 2, its function remains unknown.
Increased levels of ␤-galactosidase activity found in anaerobic conditions were not Fnr dependent. The location of the Fnr site at Ϫ65.5, different from the Ϫ61.5 or Ϫ71.5 shown to be the correct distance for activation function (39) , may explain the inability of this site to control yiaK-S expression. In this context, examples have been reported in which DNA supercoiling accounts for anaerobic increased expression (16) . To study whether this hypothesis applied to our promoter behavior, experiments in the presence of novobiocin were designed. The results indicate that novobiocin did not modify the expression pattern. At present, the regulatory element responsible for this redox control has not been identified.
Sensitivity to IHF was probably due to DNA looping (11) to close the distance between the RNA polymerase site and Crp site 1 or other unidentified cis-acting elements. This effect would be particularly favored by the presence of the AT-rich sequence located between positions Ϫ77 and Ϫ87.
Up to now, we have been unable to identify the inducer molecule or the conditions required for its induction. One possible explanation would be that the system was a cryptic one activated by a mutation in strain JA134, as proposed in our first report on L-xylulose kinase identification (32) . Nevertheless, the normal function of the constitutive promoter and the weak induction by compounds such as L-fucose or L-ascorbate seem to give support to the hypothesis that the yiaK-S operon is normally functional and that the inducing conditions have yet to be found. In this sense, it is of interest to stress that several experiments trying to reproduce the physiological induction conditions have failed. The possibility of mutations in the YiaJ repressor that impaired inducer recognition without affecting DNA binding capacity cannot be ruled out. These mutations would be hardly suppressible, since the recovery of the recognition capacity would be quite unlikely.
Similarities of yiaK-S regulatory systems to KdgR and Pir regulatory elements for the pel regulon in E. chrysanthemi (27, 29) open the possibility of a parallel mechanism as a model for the regulation of these systems. In E. chrysanthemi, the KdgR repressor induces pel genes in response to 2-keto-3-deoxygluconate, and this induction is reinforced by competition with Pir activator. In our case, YiaJ could require the unknown inducing molecule and perhaps the collaboration of another unidentified regulatory protein. Although YiaJ displays more than 70% similarity with Pir, the former acts as a repressor, whereas the latter acts as an activator. The mutation leading to this change in the regulatory function of YiaJ could also be the molecular basis for its inability to recognize the inducer molecule converting the yiaK-S in a cryptic system. Further experiments are in progress to confirm or rule out the crypticity of this genetic system.
